UNCLASSIFIED

AD NUMBER
ADA801494
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: RESTRI CTED

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; 05 JUL 1944.

O her requests shall be referred to Ofice of
Scientific Research and Devel opnent,

Washi ngt on, DC 20301.

AUTHORITY

OSRD |ist no. 9 dtd 18-21 Feb 1946; OIS i ndex
dtd Jun 1947

THISPAGE ISUNCLASSIFIED




'Reproduced‘ by

~ AR DOCUMENTS DIVISION

HEADQUARTERS AIR MATERIEL COMMAND
WRIGHT FIELD, DA%N, OHIO







»@« ‘
e pw‘%
.

.
7 o
e ﬁ% ,é,

i

2
Ho

i e

SRS R

T
7




+,; L GAN INTELLIGIEILITY OF VOICE COMMUNICATION

)

;© BB INCREASED BY TRAINING IN VOICE TECHNIQUE?




- i

RESTRICTED <
&’# "0 P
Applied Peychology Panel, NDRC ‘ o
Project K.108(1), 80-671 VOIGE COMMUNICATION :

Report No. 8, July 5, 1944

REPORT ON
TRAINING STUDIES IN VOICE COMMUNICATION:
1. CAN INTELLIGIBILITY OF VOICE COMMUNICATION
BE INCREASED BY TRAINING IN VOICE TECHNIQUE?

Prepared by
James F. Curtis

Assisting Laboratory Staff
I. P. Brackett
Henry M. Moser

Statistical Analysis
C. Hess Haagen

Approved for Distribution

W KB

Chief, Applied Psychology Panel

office of Scientific Research and Development
Contract OBMsr-830

OSRD Report No, 3862 Copy No./7¢ of 2+ coples

THE PSYCHOLOGICAL CORPORATION
New York, New York
George K. Bemnett, Contractor's Technical Representative
John W. Black, Project Director

RESTRICTED ,




-}~

DIATRIBUTION LIST

Lt I

kS '
e

Appliad Paychology Pansl

Dr. W. S. Hnnter

Dr. G. K. Bemnett

Dr. Leonard Carmichael

D!'. C. H. Grah.ﬂm

Mr. J. M. Stalnaker

Dr. M. S. Vitelss

Dr. J. L. Kemnedy, 3 coples
Dr. D. L. Wolfle, 5 copies

Consultant to the Papel
M'. Do w. Bronk

Besbe-Cantear
Biel
Brogden
Campbell
Gorsuch
Gulliksen
Kappouf
Keller
Kelley
Langfeld
Lindsley
Meed

Nafe
Nissen
Shipley
Smith
Voss
Wedell

Adjutant General's Office
Dy, W. V. Bingham

#Dr, Harman Ccpeland
#*Col. G. R. Evans

*#¢Lt, Col. M. W, Richardson

Aseiagtant Chief of Staff, G-8
Atta: Chief Training Group

Heudquarters, Army Air Forces
Assistant Chief of Air Staff, Tr'ng,
AC/AS, Training

Attn: Communicetions Branch
*Lt. COl. J.C. Courmey, Jr.

AC/AS, Training
Attn: Radar Coordination Office
#Col, W. H. Tetley
Office of the Air Communications Officer
Attnt Radio Navigation Branch
Capt. L. A. McClelland
Office of the Air Communications Officer
Attn: Training Liaison
Col. Clay Hoppough
Agsistant Chisf of Air Stuff, Opu'at.ions,
Commitments and Requirements
AC/AS, 0. C. & R.
Attns Bomburdment Brench
Maj. R. 4. Trenkle
Management Coatrol
Attn: Operations Analysis
Lt. Col. W. B. Leach
The Air Surgeon
Attn: Reseurch Division
Col. L. E. Griffis
The Alr Surgeon
" Attns ¥#Col. J. C. Flanagan

Office of the Secratury of War
Attn: Mr. . £. Strieby

Office of the Cuief Signel Officar

Plans and Opwrstions Division (8 copies)

Attn: Operational Reseurch Branch
#*Dr. Don Lewis

Chief, Personnel =nd Training Service

Chief, Engineering and Technicel Service
Attn:  Alircreft Radio Branch

Commanding Genzral, Eastern Signal

Corps School, Fort Monmouth, N, J.

Hecdquartasrs, Army Ground Forces
Agsistant Chisf of Steff, G-3
Signal Section

" ##Capt. Dwight L. Emmel

Communications Contrcl Division,
Heazdqucrters, Bolling Field, D. C.
Air Communic:=tione Office
Attn: Maj, Virgil Clapp

Army Air Forces Tacticel Center,
Orlando, Florida

Commending General

Col. O. L. Grover

k/// .

pbaiallEE CUE B8 2 B o




B

Army Air Forces Training Command,
Fort Worth, Texas
Companding Genarul
hssistunt Chisf of Stoff, s-8
Attn: Pilot Truining
Col., P. E. Toud
Assictunt Chief of Stuff, A-3
attn: iir Crew Non-Pilot Training
Col. H. Crutcher
Assistunt Chisf of Stuff, A-3
Attn: Techniczl Training
Col. C. H. Rees
assistant Chi=f of Etaff, 4-3
attn: Treining .ide Section
ej. Co me Patarson
Aseistont Chizf of Stuff, a-3
attns Signcl Section
Col. H. L. Bannett

Arny air Foress Centrul Flying Trulning
Communa, Rundolph Field, Texas
Commanding Gsnarel
hssistant Chisf of Stuff, A-3
attns Ground School Section
Col. J. H. #ontfort

Army fir Forces Centrul Instructors
School, Randolph Field, Texze
Office of the Diractor
Ground School
Attn: iaj. C. H. Rhoadman
Tachniczl advisory Group
ittn: Muj. Thomue a. Rouese
Psychological hese.rch Unit
httn: Capt., Neil iiller

School of sviution Wedioins,
Rundolph lielc, Texas
Reszwurch Division
attns Lt. Col. Pwul Campbsall
Ressarch Division
Attn: Cupt. Ben H. Senturia

Waco army air Fiald, Texas
Attn: Col. Bob Arnold

army sir Forces Triuining sids
Uivision, New York, N. Y.
Conmunding Officor

-1 -
DISTRIBUTION LIST (Cont'd)

irmy air Forcee Instructors School -
Instruments, Bryan, Texas
Commanding Officer

Army iir Forcec Eastsrn Flying Training
Commnund, Mexwell Field, Alabama
Commanding Gznarul
Assistunt Chiasf of Stuff, A4-3

hrmy Air korces Western Flying Tralning
Command, Suntu ane Field, Californie
Comnuncing Genzarul

1ot iir Force, siitchell Fisld, New York '
Conmanding Gensrul

#nd air Force, Colorudo Springs, Colorado
Communaing Ganarul

3ra Alr Force, Drew Field, Floriaa
Communding Genarsl

4th air Force, San francisco, Celifornia
Commanding Generul

army iir Forcee Central Instructors
School ~ Gunnsry, Buckingham Army air
Field, Fort iyers, Florida

Dirsctor of Training

Army Lir Force: Cantral Instructors
School - Flexible Gunnary, Larsdo army
Alr Field, Larado, Texae
Reseurch Division
Mej. Nicholas Hobbs

Army air Forces C=ntral Instructors
School - Nauvigition, Selmun sarmy Air
Fleld, Honroe, Loulsiann
Coam.nding Officar
Diractor of Truining
Psychologicel heszsrch Unit
Attn: Caupt. L. r. Curter

irmy sair Forces Centrel Instructors
School - Bomburdiers, didland sarmy Alr
Field, Midlund, Taxas
Director of Truining
Psychologicsl Resaurch Unit
Attn: Maj. Edwurd Kemp

1

”

H

RESTRICTED




- 111 -

DISTRIBOTION LIST (Cont'd)

army Alr Forces Centrul Instructors
School - B-17 Pilots, Lockbourne
Amny alr Field, Ohio

Director of Truining

irmy air Forces Centrsl Instructors
School - 6-24 Pilots, Smyrna Army
air Field, Tennagsae

Diractor of Truining

Scott Fisld, Illinoic
Diractor of Training - Technical
attn: Lt. W. E. Biggs

Praesident, ~rmy air Forces Bourd
Orlindo, Floride
sttn: Communiceations Division

Coast Guurd

Treining Division
Lt. J. we BcVeu

Marins Corps

Division of xviution
*#Cypt, Paul Martin

Personnal Departuent
#haj. he W. Rickert

Warine Liaison Officer,
Combat Operution Dept, Orlndo, Fla.
Cept. Paul ¥. Smith

Havy

Office of th2 Compender-in-Chief
Reuadiness Division
#*Comdr, D. C. Beard
Lt. 5. H. Britt
##Cupt. J. H. Thach, Jr.

VCNO (nir).
#Condr. John W. Bowan, Jr.

Interlor Control Bosrd
#Lt, G. W. Dyson

Burssu of Madicins wna Surgsry
Medicusl ftes2arch Division
#*Comur. J. G. Jenkins

Bureau of Navel Personnel
Enlisted Distribution Division
Lt. Comdr. John Blenn
Lt. Newell C. Kephart, 6 copies
Planning anad Control Division
#*Lt, Cowmdr. J. C. O'Brien
Quulity Control Division
W*Capt. W. &. Hemnigur
Standards and Curriculum Divieion
**COmdr. C. R ademe

Bursau of Ships
#Lt, Comdr. C. G. Grimeg

Ordnance cnd Gunnary School
Lt. Comd!‘. ne Lo bheph.rd

imphibious Truining Commund, ntlantic
#*Cupt, P. &. uchowall

V., Y. tubserin: Bute, New Londaon
Msgical Recaurch Lezborutory
##Cunt, C. he Lhilling

NavlraeSta, Buinbricgs, daryland
Lt. Dcvid Bruswsall

NavIraséh, Fort Lauderdsle, Florida
Communuing Officar

NaviirSta, Corpus Christi, lexas
wvietion Safaty Board
Lt. (jg) k. H. Senford

iNuwd.rSta, Now Orlauns, Louisiana

Naval Flight Instructors School
Lt. (jg) h. H. Wilke

Nav.iiBta, atlunta, Georgia
Instrum=nt Flight Instructors School
Lt. & 2. Curry
Nev aviation TruSta, Pensucols, Florida
Aviation Peychology
Lt. .ex Stuer

Opasrational Truining Commund
atlantic Ccauncnaing Officer

85 2

. -

DrF L. H. Weed
L]




Executive Secrstary, 24 copies

Division 6
Dr. adelbart Ford
Dr. G. P. Hurnwell
Dr. %. D. Neff

Section 7.4
Dr. S. X. Ferisberger

Section 17.5
Dr. 6. &. Stevens .

- O8RD Lisison Office for transmittal ta

Re 4. F. Delegation
Wing Comdr. P. a. Lee

Royal Navy
Eurgeon Capt. R. h. hussen

fie Co ne Loy 'I‘oronto, Ontario
Squadron Lecder a. L. Jurvis

#General Liaison Officers
#Project Liaimson Officers




-1'-

RISTHIEVTION LIST (Cont'd)

 National Defenss Fessurch Comaittes
Executive Secrstary, 24 copies

Division 6
Dr. adelbart Ford
Dr. G. P. Hurnwell
Dr. W. D. Neff

Section 7.4
Dr. S. X, Feritberger

Section 17.3
Dr. 5. 5. Stevent

QORD Lisison Office for transmitial to

Re A. F. Delegation
Wing Comdr. P. #. Lee

Royal Navy
Surgson Capt. R. W. kusgen

‘"‘c c. e 1‘.’ Tomnto’ Ontﬁl‘io
Squadron Lecder a. E. Jarvis

" wnGeneral Liaison Officers
#*Project Liaison Officers




SUMMARX

The Voice Communication Laboratory wus established to invastigute the
possibility of improving communication afficiency in irmy Air Forces, through
training psrsonnel in proper use of equlpmant, use of standard ruaiotelsphone
procedurs and voics technique, aznd to develop procedures and devices for
implementing such training. A number of experimsnts havae besn conducted
investiguting various phases of this problam, This raport presents data
from thrse selected expariments to show the results obtainsd from training
student pilot subjects in voice technique.

In ull of the training expsrimants of the Voicve Communicution Labora-
tory, tha criterion for svaluating results hes besn & word intelligibility
tast., This testing tachnique has bssn putterned aftsr the word "articulc-
tion" tests vhich huvs besn used extensively for testing efficisncy of com-
municuation equipment,

The following standurd communication sguipmsnt in use in srmy Air
Forces wus amploysd: T-17 (hanc-hsld) wicrophones; BC-347-C intsrphone
amplifierc; HS-2% (R-14 earphonss) or HS-38 (aiNB-H-1 exrphones) haudsets.
All tests wers run in a simulatad airplune noise of upproximatsly 110 db
avaraga luvel,

The dscign of ths typicel training experiment is that of an initial
tast, then a period of training, followsu by a re-test. The index of im-
provement of an expserimentsl group is its wsun gain in test score, from the
initial to the finul test, edjustsd for difi'srences batwesn groups in initial
test score, This adjuctment ls necasssry b:cause of the rilstionship
existing bstwaen initial level and improv:ment, and becsuse groups of sub-
Jects are not matched in initisl «bility., Since thie relationship is recti-
linear, analysis of covariance provides & conveniant maane of making the
appropriate udjustment.

Control groups are frequently used in the treining oxperiments. Thess
groups &re tapted at the sumse times as the trainsa groups, but receive no
training in the laboratory between the initiaul and finel tests,

Rasulta:

1. Training for & perlod as short as two hours produces gains in
intelligibility score which are grezter than that for & control
group by umounts which are stutistically esignificant at high
lavels of confidance.

Further training up to six hours shows aduitional improvament.
No experiment involving a treining psriod of more than six hours
is raportad.

Significant diffsrzncec exist betwzen training procaedures, indicating
a nead for careful working out of most advintageous proceduras,
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. ABTRODPUCTION

Various surveys of comununicaticn cunditi:ns in Aray Alr Forces have
revaaled that voice comutnication is, at times, far frem satisfuctory.
This has bean found desnite thz fact thut a graat deal of effoert ncs besn
directed at ioproving comnunicution equipment, wnd that impruvouents have
been mude in ecrphones, earphona cushions, microphones, interphons em;1li-
fiers, and rcdio transmitting and receiving epparatus. The iupertonce of
govd comnunication to pillots und eir crew membars may bs indicuted by the
fact that, when expsrizncec RAF pilots wers askad tv rote factors which
helpaed to rslieve fatigue during La:zvy bombardmant missions, th:y rankad
good intarcummunicaticn as one of the first thrse. The sura ;-ilots coumanted
that nothing was rore annoying then to bs requested tv repsat messugis, or
to be obligwt to ask for raopaats of messegas.

The fact is that, until recently, scunt heed wes paid to ons of the
vary important factors in ccmzunication. Voice cowmuniccztion is, after
all, & chein which may bas representsd schamatically as follows:

The Spesker ~---> The Equipnent ~—--> The Listsner

Although the aquipment link in this chuin has receivad the lion's share of
attantion, tha listenar and speaker are scurcely less importsnt. No ingemious
duprovenent in equipment can produce its maximun effect unless the spackar and
listemer alsc operate with moximum sffectiveness.

The Voics Communication Laboratory was established under a relutively
broad directive to investigats und davslop procecures, davices, and matarials
for training Army Air Forces perscnnel in the uss of voices communication
oquipment. Thres specific tyres of skills ars wentioned as thuse which
ghould be unified under such a trsining ocrogrem, viz., (2) spacking «nd
listening in ths pressncs of nuise, interfar.ncs, distertion, »tc.; (b) use
of standard rndisotalevhone procudures; (¢) manipulstion of aquipmant, 2. g.,
tuning, wicrophone tnd sarphons techniqus, ste.

a Ths major portion of ths efforts of the Voice Communication Labors-
tory, to dsts, have baam dirsctad at the first cf these, trzining in spesk-
ing and listening in the presence of nolse. Ther: hzava bean savarzl reasons

for this psrticular direction of effort:

(1) This was the skill sbout which lsust was known, It wes
well knuwm that individuals differ markadly in thelr skill
in gpascking intelligibly under cenditions of noise and in-
terfsrancs, and in their ability tu hear speach sccuratsly
und:r such cencitions, but little was known concsraning the
froctors which produce such differences.

Training procedures in this type of skill had not been
developed to any extent. Efforts had bazn made in this
direction by interested individuals in scatterad locaticns,
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but no systematic progranm had bee=n undertaken and no evalu-

ation of results of such training were available. Tralning
methods and procedures with respact to the other skills were
thought to ba more straightforward and, hence, leas in need

of experimantal investigation and trial. Tsaching of standard
procedure and its use, for examplz, could be doms with procedurss
and methods quite similar to thoss used in other types of training.

There was some question as to whethar effactive training in speak-
ing and listening could be provided within the limits of time
required by the clraady crowded curricula of AAF trsining schools.
It seemed important to obtein a dafinite answer one way or the
other as sarly as possible.

METHOD OF EVALUATING IRAINING

The method of evaluating results which has been used was specifi-
cally chosen to measure the effectiviamess of the type of training referred
to above, i.e., training to develop ekill in specking and listuning under
conditions of ncise and interfarence similar to those exparienced in mili-
tary aircraft. The criterion measurement for all experimants has been a
word intelligibility test. .

The basic methodology of such tests is not new, Under the name of
"articulation tests," they have been used extsnsively for muny years by
researchers of the Bell Telephone Laboratories for measuring the relative
sfficiency of telephone and other electrical communication circuits, under
various conditions.* In recent years, the Harvard Psycho-Acoustic Labore-
tory has elso mads extensive use of such t2sts to m2asure the relative
efficiency of various kinds of wice communicution equipment for the Armed
Forceo,* cnd such tests have been used for testing equipment by other groups,
including Aircraft Radio Laboratory, Wright Field. The use of such tests as a
criterion for avaluuting the effici=ncy of comnunicaticn equipment is well
esteblished 2nd accepted. In the work of ths Voice Communication Laboretory,
these tests have simply been adaptad to use as a criterion for evaluusting the
performance of groups of sp2akers and listensrs. Th2 term "intelligibility test"
has been used instead of "articulation test" in this leboratory as being more
descriptive of the function under study, since it is the improvement in audibility
or intelligibility of communication that is the mettsr of chief interest.

#* Cf. Fletcher, H., Speech and Hearing, D. Van Nostrand Company, New York,
1929, Part Four, Chaps. III-VII, Also
Fletcher, H. and Steinberg, J. C., Articulation Testinz Methods,
Bell System Tech. Jour., VIII, 1929, 806-854.

Articulstion Testing Methods, National Research Council, Committes
on Sound Control, Feb. 1, 1942,




DRescription of Experinsniel Boom and Ieating Erocedure

Figure 1 is a schematic diagram of the experimentel roum. It is equipped
with an interphone system, mede up of stunderd Signeal Corps couponsnts used in
Army aircraft. Twenty stations, eaoch equipped with a headset and zicrophone,
are loceted cround three sides of tha room. Two stations sre locatad at the
control table for ths monitors. The interphone circult is so arrcnged that
all stations may be included on oné circuit, or the stations may be divided
© among 2ither two or threz circuits. For .ll experimsnts reported haera the
basic couponents of the intarphone systam havs baen: T-17 (hznd-h:ld) zicru-
phonas; BC-B47-C interphone amplifiers; snd aithar HS-25 (R~-14 sarphones) or
HS-8% (ANB-H-1 earphones) headsets. In ndditicn to the interphune system,
an essential part of the room is the noise procucing spparatus. It consists
of un electronic noise generator and power amplifier, both loccted .n the
contrcl teble, and a loudspecker for projecting the smund into the rcom,

The noiss is similor in sp:ctrum tc that fiund in ty:icel militory aircraft
in flipght and has on avarage level in the roum of 110 db, Kkecording equip~
ment, anu any other devices used in training, may aleo bs locatsd on the
control teble,

As used in the typical training exparimant, a tzst consists of twanty-
four words read by a cadet speaker to a cifcult of 2ight to ten cadat lis-
tensrs. The listeners ere provided with sha:ts vf answer blunks on which
they write the words s they hcor them. The noise is turned on throughout
the time that ¢ t3st is being read. A specker's intslligibility scors con-
8lsts of the percantage of correct responses written by the listenars for
tha twenty-four words rszd by ths spauker. For example, if ten listeners
write an average of eleven correct responses for o certain sposker, there
would be a total of 110 correct rasponszs out of a possible total of 240.

The spacker's intelligibility scors would be 110/240 or 46%.

The usuel testing procedurs is to dlvide ths stations into two cirecuits
and tsst two speckers simultenecusly, one on etch circuit. All subjacts act
as listeners except at the time when they cr: r2eding thair omn test lists.
8ince there is some vauriction in noise level from stetiun to stotion, one
stction in eech circuit is daesignuted ws the spacksr!s stution. Eech sub-
Ject goes to the gperker's station on his circuit when his turn comes to
read his test list. The nolse lavel is thus ¢ constent for all spaskers
within sech circuit. Th2 group of subjects testad +n a single circuit nre
kept as nenrly intcet 2e possibls frem rne tect to anothar., Subjscts ars
never changed beck and forth from une circuit to 2nuther whsn scorzs from
two sets of tusts are to bs coupered. If, du=z to zbs2mcs or sliminzticn of
cudets, subjects sre present on cn2 test, but not .n wnother, scorss ars com-
putzd using only the pupers of those listzners whc wers pressat for both of
a spouker's tests. Thus, scores which sre tc be compared are always obtzined
with a oonstant parsonnel composing th: listening eroup.

This testing arrsngement cnd the use of short test lists (twenty-four
words) heve mode it possible to test twsaty to twenty-four subjects in one
hour, 7This wus necesscry, if the testing procedurs wis not to occupy &
disproporticnately large amount of the avuilcbls time of the subjects.

g
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The test lists were made up with considerable care, snd analysis of results
has demonstrated that, with groups of the size used in the training experi-
ments, tests of this length yiald mean scores of satisfactory reliability.
A complete discussion of the construction of the test lists cnd of the

statistics concuyrning thair rsliaebility is contained in a separatu report.%*

Boays for Cheice of a ¥ord Iest

The choice of a word test, rether then a sentencs test, or some other
type, wus basid on severzl considerations, some of them of a very pructical
nature. A test w:s required that could ba administered to sizeable groups
within e short period, not mors thun ovne hour. The test had to bu one that
could be easily scorad by workers without specicl sklll. It hud to be suf-
ficiently relicble, and of sufficient discrimincting power to provids reli-
abls mecsurzmont of differences betwwsn groups and bztwesn tests and ri-tests
for = singla group. Lastly, ut by no msens laest important,  test wos re-
quired that could b2 nssumed to be rauscnably velid. No test that complatsly
fitted all of these raquirements was avallcble, cnd time did not permit spend-
ing months in devsloping one. A word test, while not perfect, seumed to sntisfy

these critsria reasonably wall snd was mors readily adaptecble tc the particu-
lar needs of ths experimsntal program them cny other.

A sentence test, or other cunnected speech test, involves certain dif-

ficulties which mzke its uce difficult, if not impossible, under the cir-
cumstcnces existing in ths leburatory.

In the first plzce, the zdministration
tims is excossive. Much more time is neaded to test each speaker since it
tekes more time to spack each item, Much more tinme: for test devslopuent
would have bwen required. Many hundreds cf test items would have hed to be
written, tried out, nnd analyzsd for discriminuting power bzfore an =daquets
nunber of tests of sgusl difficulty would have been available. The scoring

of most types of sentancs tsasts is less convanient, and, in the hands »f un-
skilled help, probubly less relicbls. All of thesz ccnsideraticns make & sen-
tence type test impractical for use in evalueting wust training sxperiments.
Yalidity of s Norg Iest

A point sometimes questioned concerning a word teost used for this pur-
pose is its vzlidity. Although there is little cbjsctive evidence availeble
on the point, thers is considarable logiccl evidence to support the validity
of 2 word test as usad in the experiments. Ths msan spezk and listwn with
standard equipmont of the sort thsy will be called on to use when flying.
Thay spssk and listen under conditicns of noise sirilar to those existing
in military airplenss. A not inccnsidsrible pert of precticel voics coia-

municution in Air Forces is made up of singls words, especially where mes-
sages orz ccded intn cods wurds »r numubers.

Even where connected speech is
used, shurt phrases ars the ruls, and one or two words may ccrry the main
content of the phrase. In other wcerds, tha test is o rensonably reaslistic
Job semple of the communiceti:n work which the men are actually colled on
to parforn,

* Intelligibility -
Coomunication Laborutory,

ni--Techniguas and Procedurcs Used by the Yoice
in proucess of publication.
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In addition to such logical grounds for assuming validity, thers is
limited emount of objective data. The relutionship batwean intalligibility
scores obtninad on santence tests and scores obtained on word tests under
similar conditions has been deoterminod.* Data also is cvailuble with
raspect to the rslationship betwein scoras obtained for sentencu tests
and those for syllable tests. In both ceses, th3 rslutionships, though
curvilinesr, are positive tnd appear to bz high. Although thuse dota ors
basad on differencss in signel level, distortion, nois: lavels, stc.,

* rether than individual differ:nces among spaukars, thay do show thet there
is a positive relation batween intelligibility as m-asured by connectad
spaech tests, such as sentences, und «8 measured by t2sts which uss more
frectional slamants of spesch, such as words and syllables,

Probebly ths most ssricus objsction tc the uss of & werd test in
svelueting the results of training in voicse tichnique for comuunication
work is that some elements, which may contribute to the ralotive intslli-
gibility of comnscted speech, are not mazsursd in a word test. This may
well bz true. Howevar, in so far as it is epplicable, it would semm to
mean that the tests do not show the whole picture, rather than that the
plcture obtain:zd from such tests is inaccurcte. Where improvasient, fol-
lowing treining, is found through use of 2 word test, it mey be that tha
test fails to measure all of tha factors which have been cffect:d by train-
ing, and that a more adeguate sampling of these factors w.uld indicate even
more substantial improvament. On the other hand, it hardly seame likely
thet lnproviment obteined by testing with words would be shown to be spurious
if a test providing a more complata sampling of spazch factors wera employsd.

QEVERAL METHODOLOGX OF TRALNING EXPERIMENTS

The general desizn of nost of the training expsriments has heen that
of an initial test, then a pariod of training, followad by a ra-test. The
index of improvement of o group is the gain in scor: batween the initiel
end final tests, Ordinarily tha subjects heve boen given the initial test
during the second hour that they report to the laboratory. Tha first hour
is usually devotad to satisfying the curiousity cf the cadets as to why they
are requirad to come to the lsboratory, expleining In a very gemeral way
what will bs axpactaed of them, and giving preliminary instructicn in the
us? uf ths equipmsnt which will be amploysa in ths testing. It has buen
the unanimous opinion of the laboratory thet the time spewnt in such prelim-
inary indoctrination wcs amply justified by battar rapport with the subjects,
and mor2 zgaquate motivation for the tasting and troining work which followad.

The content of the training work, in the axpsriments to be discussed,
has baen directed almust entiraly tuward improveizent in vulce technique,

* Articulstior Testing Mathods, Natinnal Ressarch Council Comittes on
Sound Control, Februsry 1, 1942, P. 85,

¢ Fletcher, H. and Steinberg, J. C., Articulction Iesting Mathuds, Bull System
Technical Journal, VIII, 1929, P.48.
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Subjects have baen instructed in such mattars as the loudness level of
"wolce for greutest intelligibility, sdequats rate of gpeach and phrasing of
Ressages, good clsar articulation end pronunciation, proper pitching of

th: voice for communication in noise, etc. Lecture and discussion have
typlcally been held to the minimum necessary to give the subjscts ths
information upon which to bass int:lligsnt practica. Tha eraater portion
of ths class tims wac dsvoted to practica and drill, working toward dcvel-
oping these techniques of voice. For such practice, massages, phresed in
standard radioteleplions procedure languugs, such us pilots and air crews
ars cullad on to speck end be zbls to undsrstand, wer: used as much us

" possible. Use has bewn mada of demcnstration recordings to illustrate
verious faults and to show the differsncs batween good and poor int=:11i-
gibility of communication. Recording equipmant hee ct timas been used 8o,
thet subjscts could hesr thimselvas, «nd arrivs at sume better sstimote

of how thay sound to others whan talking over tha interpkone or rcdio in
noise. Throughout ths praoctics and drill the instructor hac ncted as guide
and critic to puint ~ut foults, make sugzestions for improvenant, and ksep
the przctice moving as rapldly cs possibla. The instructors for ths train-
ing sxperiments were men who had sevaral years of collsirs or university
sxperiwncs in tsaching speech. Howevsr, exc:pt for tha exparimeantil pro-
gram, in which procsdurss cnd training methods are being devslopad, it is
not considarsd that instructors with such specialized exparience and trein-
ing will b2 n2eded. Ths laborstory now has, in prucess of public:tion,
menuals, syllabi for instructors, etc., which should maks it pcssibl: for
any good tsacher to do a successful job of giving this training. Experi-
suce. in teaching spesch might be hslpful, but by no m2ans prarsquisits,

to instructing in this training work.

Contrsl groups have frequently beam ussd in the expariments. These
wers groups which were tastsd initially at the sams time as the groups to
be given ths exparimantal training trectaants, were thon diauissed, and
were not seen again until the time of ths finel test some days or wesks
later. As will be shown (sees Figuris 2 and 4), it has basn ususl to find
that the control groups made iuprovenent. This w.g to bs 2xpected, since
they hud, by the time of the second tast, receivad training from at leust
thres sources. One, thsy fly almost daily and hzncs mcke use of intsr-
phons end radio equipmsnt in noise. Two, the ground school at the Waco'
Aray Air Field devotes a portion of its course in Radio Courunicuticn to
some training in voice procedure and technique. Three, the tast situa~-
tion itself provides a rathar considereble learning experience. In the
process of taking the test, the subjscts spemd an hour listening «nd spaak-
ing in noise. They heer nine or ten diff:rant cadats speak words over an
interphone system in noiss, and they no doubt form opinions es to why soms
are 2asli:r to undsrstand than othsrs. In nddition, it ig not inprobable
that cadsts from the control groups pick up information from th: cadats in
the groups undargoing training., In a s:nsz, then, such groups are not
strictly control groups. Thay do, however, provide suwe busz asolnst which
to eveluste the improvaument of the expsrinentally trained groups, and any
error made by comparing the controls und the trained groups is probebly on
the conservetive side so fur as avaluating ths rzsults of training is concarned.
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One additionsl point concerning evaluation of results, not covered in
the preceding saction, ought, probubly, to be discussed here. The system
of testing used, wherein the subjacts for training act as both speckers
and listensrs during the test, ylelds a score which is not only a function
of the int2lligibility of the words as uttered by the speakers, but also
& function of the skill of the list:nars in corractly identifying them
and writing them domn. In so far as the sume p:rsons act «s listeners
for both the initlel and final tests; end in so fer as their skill in
listaning is a constant from tusst to test, this provides no problem. The
latter, however, is probably not trua. It i1s not improbeble that the sub-
Jects improve as listmers to soma dagree, as well as improving in volce
technique. The improvemant on ths speaking end and the improvamz=nt on the
listening end are confounded in the improvemasnt scores actually obtzined.
The only way, whareby a pure m:asure of improvamsnt in volc2 tschniqus or
speaking ability could b2 obtained, would b2 to use as listsnurs a group
who would rimain constant in listening skill from test to test. A group
of listenzrs, who had basen troinasd until thay hued reached, or appruached
closely, the csymptote of their curve of listening skill, would meet this
requirsment. No such group has bsen availcble for cur expariments, cad
subjacts who could bs thus trained end usad as o critorion listening group
over & parlod of tims could not be ubtainad. Howevsr, rather cur:zful con-
sideraztion of this problam has brought us to the conclusivn that it 1s not
serious. After £11, ths important objzctive of training is tc achieve the
maximum ovear-all improveusnt in communicaztiun efflciency. It probably mat-
tars vary little thet sume of that improveuent results froa incldsntal train-
ing to listen in nuise, The question would sa=m to be more ccacdenic than
practlical. Thore is, howsvar, a cusrtain suscunt of evid:inge which points
to the cuncluslon thut must of ths impruvamant fiund is on the spsaking
side. In some exparimsnts, wh:re different training methods and procadura
have been trisd out, cdafinite and siseabls differences have been found
between certain methods. Thass diffarinces frequently have got been in
the dirsctivn that one would hava prsdictsd on the hypothesis that all,
or the bulk, of the improvement feund wes due to increused skill in listening.
In fact, in some casss, the methods which have bsen found to be la2ss effsctive
ware those in which tha subjacts had the most opportunity to listen to other
subj scts undar cunditions of nolse, and h:nce to gat practice which would
ioprovs their listsning skill,

BESULTS FOLIOWING IRAINING

Results obtained from thrse typlczl trecining exparimants will be pra-
sented and discussad. The bosic data frow these expsriments are summarized
in Tables I, II and III. Tha columm h-acings Initial Teat and Finnl Tast
ars sslf-explanatory. N indicctes the number of subjects composing the
exparimantel training or control groups. The columns hecded Gaip present
the raw improvsment scores, obtained by subtracting the initlal test mecn
from thas finel test mean. The dzta in the gdjustsd Galg columns are these
raw improvamsnt scores adjusted for group diffarsnces in initlul tast score,
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' dng Pericd - Iwo Hours f
b T Initial Final Adjusted
NS  § Leat Zeat. ~fodn
Method A 4 4a.7 52.2 . 10.8 11.0
Method B » 40.8 50.8 10.0 10.1
Method C 85 4.7 51.8 9.1 9.9 -
conml ‘1 37.8 ‘8.1 s.s 401 w

Table II. Ramlts Obtained from Word Intalligibility Testa for Six
Experimantal Training Groups. Group Means for Initial Test,
Final Test, Gain, apnd Adjusted Gain. Training Peried -~ Three
Houra
, Initial Final Adjusted
i lest Zest. Gain ~Sain
. ' Method A 28 50.1 §0.0 8.9 9.0 '
O NMethod B 26 55.4 €1.5 8.1 10.5
. ~ Method C 27 46,0 59.4 18.4 10.5
: Mathod E 0 45,0 8s.8 18.8 15.1
Method F 27 68.9 67.4 18.5 16.3

Table ITT. Bamlts Obtained from Word Intslligibility Tests for Four

‘ Gain. Iraining Period = Six Houra
: Initiel Final Adjusted
I ) ~lest Tent. Gein ~Gain
Method A 34 50.4 70.6 20.2 18.8
Method B 85 58.8 71.1 17.8 18.1
Method C 87 54,9 69.0 14,1 15.7
Method D 85 49,8 70.1 20,8 18.7
Control 88 54.1 58.9 4.8 5.8
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This adjustment is necessitated by the fact that a conslstent ten-
dency exists for ths amount of gain, mads by an individual or c group,
to bs ralutad to ths initial test scor: of the individusl or group. The
naturs of this ralntion is that of = nogrtive correlaticn betwesn initial
scora cnd gzin., Other things equal, tha rslatively poor individuels or
groups on the initial test make greetsr goin then do those who scors rala-
tivaly high on the initial test (see Tabla VI and Fig. 5). Thase differ~
ences in improvemant are ne deubt racl, but whan the prcblum is to 2volucte
th2 r:lativs sffectiveness of dift'srsot troining procedurss, or the
ralative improvament of trainad groups end control groups, the éifficulty
arises thet the comperisons to be mads cra affactzd by differsnces in
initicl stotuc of th2 particuler groups invelved. A diffasrant essiFmment
of procsdurss to groups might producs differant apperant advantece in
unadjusted gain for the groups compar:d. On: method of aviiding this
difficulty is to insure thot groups cors rslativsly well moiched ot the
beginuing >f the sxperimznt. This cam bc done aithar by transfarring
subjacts from .ne proup to cnothar, until tha groupe arz felrly well
matchsd, or by training ell subjects up to 2 givin lovsl of proficlency
bafore th: start of the experimsnt. Eithar method Insurss rslativs squa-
lity of groupe ot tha cuteat of the expariment. Howsver, thz first of
thsse 1s edninistrotivaly impossible, in ths pras:nt instance, and the
sacond is too tima consuming. Fortunatsly, whsrz the correlction bitween
the cuntrel variable (Initial Score in this instcncs) and ths critsrion
variable {Gain Scors) is rsuscnably rsctilinasar,* this matching can ba
done statlsticzlly. Through the use of enalysis cf coverlance, thz ragres-
glon of the initisl test scores om guin can bs us2d to adjust tha gz:in
scores to allow fur initial diffarsnces betwsan groups.®* Thess adjustad
gain scer:s nre ths figures found in tha column heuded Adjustzd Goin.

The wsy in which thic adjustuunt operatac may bs mude clearzr by
an 1llustration. In Table II it will be noted thet the group treined
by Method C had a gain scorz, before adjustzant, of 18.4 score puints,
whils the group trained by Method D hod an unadjusted guin scur: of 9.1
scora points. Thoss dats, taken by thamszlvas, would seem tu indlccte
an adventeze for liethed C. It will be natad, howevur, th.t the Method
C group had s relatively low initlal test mean (46.0), whils tho initial
tsst maan of ths Method D group w-s substantinlly higher (52.4). Boccuse
of the nazativs corrslaticn batween initlal sccre ond gein, we know that
this fect elone would glvs an advantegs to the Mathod C group with respact
to thalr uncdjueted gein score, quits upart from any diff:rences in ffsc-
tiviness of the training methnds that wers usad. Until th: appropriczta
adjustmant of thass gein scores is madz, therafore, it 1s not possibls
to come to eny concluslon concsrning the raslativs merits of the tw. methods.
As will be se3n from the tuble, the adjusted goin scor:s for thes: two
groupe show ths differ:nce betwesn th: two mathods to havs bsen mezligible.

#* Tests of linecrity of ragressicn batwsen the initicl scorss end the
gein scoros heva baan epplied for £11 expsrimznts. In nu cass has there
been any deperturs from linsnrity which czpprocchad sipgnificence.

Cf. Lindquiet, E. F., Strtisticzl Analysis ln £éuceticnal Besauxch,
Houghton-Mifflin, New York, 1940, Chap. VI.

e RESTRICTED

T e e b e IR A% LK




-

cn. L

The adjusted gain scores provids ths best index by which to avalucte the
" improvement cf the various experiuantel training enc control groups. These
adjusted gain scorss ere given graphically in Figures 2, 3, and 4.

Further referince to Tables I - III gives soma indicaticn of ths rela-
tive amount of improvement in intelligibility that may be expected with
treining., It should be remawberad that all of thess groups had been given
prelininery instruction concerning the uge of the equipment befors the
initial test was edninistered. They hac baen instructed with respect to
tha proper wey to hold the microphone and proper fitting of the headsets.
Racently publishad results fron ancther lsboratory*® have shuwn thet sub-
stantial improvoment in intolligibility may result, with untrainad subjects,
from very brief imstruction in proper holding of the microphone. Inmprove~
mant from this source hes besen purposely eliminated in the present expari-
ments, by tha preliminary instructicns. Hence, the improvement showm by
the data may bs attributed almost emtirely to ths treining rec:ived by thesa
subjects in voics technique. :

Although these experiments wers nct designed to evaluatz the raletive
offactiveness of various lengths of treining time, anc thare ars too many
differances batwezn the experimente othar then the time factor to parmit
accurats conclusions on this matter, some rough indications sare shown.
The beast of the tarse methods for the groups trained for a twe-hour period
(Tabls I) ylelded en adjusted gain of eleven score pcints. Among the
groups treined for three hcurs, the best two methods produced adjusted
gains of fifteen to sixteen score points. Among the groups trained for
8ix hours, ths bezt two groups show en adjusted gein of elmost nineteen
score points, It would seem, therefors, that there is an increase in
improvement with increassd training time. An experinent, now in progress,
has baon designed to give a mor: cersful datermination of this function.
Results will be published shortly.

BT s

It has alrsady baan pointed out that the control groups also tenced
to show a certeain amcunt of improvement, and possible reascns for that
have been discussed, It can be seen, howaver, in Tables I and III and
in Figurss 2 and 4 thct the trainad groups, in all cases, showed substanti-
ally greater improvement than did the controls. A statistical analysis
of these compcrisons hatween the treined groups and their respective
controls is presented in Tables IV and V. Table IV shows that as little
as twu hours of truining produced improvement greatsr thean that of the
control group, by amounts which wer: statistically significent bzyond
the 1€ lavel of confidence. The groups trained for six hours (Table V)
compars avan mora favorably with their ccntrol group.

¢ ——— L e T Ao o §
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* [Ractors Related io the Intelligibility of Iclkera in Nolse, IC-60,
Psycho~Acoustic Laboratory, Harverd Univarsity.
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Sigma of
Diffsrance

X

Method A v, Control 2.14 8,248
Method B v. Control 2.17 2.151
Method C v, Control 2.28 2.614

Value of ¢ required for significance at the 1% lavel of confidence - -
2.576.

Teble V. Copparison of Inprovagent of Groups Trained for Six Hours with
Cantrel Group

Differance in Sigma of
Couparigon Adjuated Goin DAffsrence . ;4

Method A v. Control 2.05 6,579
Method B v. Control 2.01 6.104
Mathod C v. Control 1.99 4,9%0
Method D v. Control 2.01 6,388

Value of t raquired for significance =t the 1% level of confidence -
2,676, b

Tha data of Table II and Figure 3 were included mainly to show that
thare ars diffsrences of appreciable mcgnitude among training procedures.
Methods E ond F ylelded substanticlly graater improvement than did the
other four. Statisticzl analysis shows thase differences to be significent.
It is not the intent of this report to discuss in deteil the spacific
procedures involvad. That matarial will be prasented in othar rasports.

The importent point is thut, for naximun results, carsful considar-tion
must ba given to the particular training procsdures to be employad.

Tebla VI end Figure 5§ presant data showing improvamint by quartiles
for groups truinad for a pariod of six hours and for their control groug.
For this tablz all trained groups in Table IIT have bien coubined. The
quartile division was made on ths basis of the initizl tust scorsas.
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TRAINED GROUPS

Initial Final | Final
Test Test

- fSuaxtile Mean..

let 75.6
2nd 70.0 10.2
8rd 70.6 14.8
4th 66.1 16.9

The considsrable increase in improvement from ths first to ths fourth
quartiles should be notad. Praviously, atiention was celled to this rela-
tionship, in ths discussion concsrning udjustment of gain scores. This
tendancy for the initially poorsr individuals to show tha greatur guin is
not er unusuel phenomenon in learning sxperiments; but it eppzars to be
sufficiently merkad, in this instence, to deserve specisl mention. The
samd tendency is shown by the control group. The first quartils of the
control group actually showed & loss in intelligibility from the initiel
to the final test. Howaver, the N for sach quartile, in this group, is
too small to permit any importance to b2 nttached to this saell change
in score.

It will also bz noted that, although rothar wide differencss sxist
among ths four quartiles on the initial test scors, most of these differ-
eces have discppearzd cn the finzl test. On the final test, the mzen
scors of the feurth quartile is cnly 7.5 score points b:zluw the mecn score
of th: first quartile, whervas on tha initial test, thare was a difference

of 28.9 score points,

Probably ons of tha best comparisons, to indicate what trcining can
accomplish, may bz obtainad from the data of Table VI by studying the par-
formance of the lower two quartiles. It is raescnuble tu supposs that thesa
initizlly poorar subjacts, unless they raceivs adequats training, will be
re#sponsibls for a mojor portion of poor communicztivm loter. It will be
noted that the macn score fur the luwest quartils on the final test,
following training, is actuslly higher than ths m3ssn score of ths uppsr
quartile preceding training, und is 2qually as Ligh as th: mesn scors for the
uppar quertils of ths control group, un :ither th: initicl or ta: tincl test.

* The divieion into quartilec wus mude on the distributions of initial test
scores.,
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Stated somewhut differently, the average score of the individuals in the
paorast ixenty-five per gant of the subjects, prior to traiming, has increased,
as a rasult of six hours of training, to the point where they are ths egual,
on the syarags, of the highest twenty-fivs pur cunt of uatrained speakerg. The
maun score of tha third gquartils following training is sven higher. Thece
figuras indicuts that training can contribute considsrably tow.rds incrsusing
communication efticiency.

RISCUSSION

A stctoment ought to bs made concusrning the charsctasristics of the
subjects who heve served in the chove raports=d expsrimants. They were
pilot cadstes in ths first four wezks of bosic treining wt tha Waco Ammy
Alr Field. Thsy mey be prasumed to be a feir sumple of pilot ccdats through-
out Army Alr Forces. It is the uncnimous opinion of tha laboratory, including
man who heve basn tecchers of spesch in collug2s and universitizs for
som3 y3ars, thet the ordincry spzzch of tha «vsrage cudet wes geod, cearteinly
ubov: the cvsruge of ths genaral populuaticn, Occasionally e subjact would
b3 clessad ae pcor, who had bad articulsticn or poor pronunciatiszn, or ¢
bed voice, but such men ware axcsptions, and rother rars cnes. Some of the
man, indeed, hed spsach which would be classed s supsricr. Mors thmn a
few hed taken courses in spe2ch in high schucl or csll=g2. Two or three
had btesn radic announcers. Yet 2ven these men with suparior spsech showad
improvament in int21ligibility for specking in noice, following treining,
by amounts thet cre stetistically significent. This is irportent in =vclu-
ating the noad for this type of training. It mz=ans that go.od speech, as
on® ordinorily thinks of it, is not sufficlsnt to insura maxinum intelli-
g€ibility ovaer the intsrphone ond radio under conditivms of loud nciss,
Intelligibla specking under thase cinditiuns is a spscial problem, dzmending
spaciel training,

It should be ramsmbsrad that the training with which these wxpuri-
wents heve bean conezrnad hsas bsen truining in woice techniqus only,
All th: rasults thit hevs basn reportad hava basn bused cn treining pro-
ceduras whosa sbhjectivs hus ba:n to tesch the wen to spiuk end use thslr
voiczs in a menuer which would incracss thelr intelligibility as wuch as
possibla. A wzll-rounded courses in voice2 communication weould, of courss,
includ: more th:n that., It would give the msn practice in proper us: of
equipn:nt end corrsct use of stendord rediot-lephuns procadurs. Many
riporte resching this leburetory have indicatzd that thers is cmsid:rablae
roon for improvamsent in the latter of thes:, 2ecp:ciully. Adequets treining
in thie regard cught to provide an incrzase in the fficisncy of vuice
comuunicution which dues not appeur ut £1l in the above raport=d results.

A finzl peint conc:rns ths practiczbility of fitting ¢ training pro-
gron in voic2 conmunication into tha zlrsady crowded curricula of Army Alr
Forces truining schools. It hos besn shown thet significent improvenant,
compered to control subjscts can b2 producad with os 1ittl: as two huurs
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of training. The longest training period fcr ony of the experiments, her:in
reported, was six hours. The addition of training in radiotslephcna proce-
dure ond uss of equipment might increazse this tims a elight asrunt. How-
evar, there is reason to balievs that ths trcining in volce tachniqus can,
to scma axtent, be effactively ccmbined with treining im standard procauurs.
In fzct, uost of the &rill snd practice mataricls usad in the lcboratory
treining experiments hava been messages phrused in stcenderd procxdure lun-
guuge. It is the opinion of ths laborstory thet nn eff:ictive trzining
progrum, combining treining in cll of these skills, could be ovffered in

eix hours. Evan ghorter psriods would be axpectad to pruduce substenticl
iuprovamant, but maximal results could scarcely be sxpsctad in less time,

It would ssem, thirefors, thet not only has it besn d:zmcnstrated that train-
ing in wice communication czn ba sffective, but ths desir:zd ra2sulte can

be obtained without axce:ding practicecl tims linitutions.
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ABSTRACT: .

Data are given from three selected experiments to show the results obtained from training student
pllot subjects in voice technique. In all of the training experiments, the criterion for evaluating
results was a word intelligibility test. Results showed that training for a period as short as two

hours produces gains in intelligibility score which are greater than that for a control group by amounts
which are statistically significant at high levels of contidence. Further training up to six hours showed
additional improvement. Significant differences exist between training procedures, indicating a need
for careful working out of most advantageous procedures. A breakdown of the data into quartiles on
the basis of the initial test scores shows that the subjects who scored lowest on the initial tests make
the most marked improvement.
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